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In 1990 aquatic fate, toxicology, and ecosystem submodels were 

coupled to ñclose the loop,ò representing both direct and indirect 

effects; the model is also a platform to which other environmental 
stressors may be added for extensive analysis
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AQUATOX Background and History

Consistent and deliberative development 

ÅIntegrated ecosystem fate and effects model first envisioned 30 years ago

ÅJon Clough, programmer, and Marge Wellman, EPA Project Manager, for 20 years 

ÅQA/QC for every formulation and code, entire model peer-reviewed by 3 external EPA panels

ÅSpecific applications reviewed by ad hoc panels

Background:

ÅCLEAN, Lakes George & Wingra, International Biological Program, 1970-1974

ÅCLEANER, 6 European lakes, funded by National Science Foundation andEPA Athens Lab, 1975-1979

ÅPEST, chemical fate and bioaccumulation model funded by EPA Athens Lab (Larry Burns), 1979-1980

Early History:

ÅEPA Off. Prevention, Pesticides, & Toxic Substances(Dave Mauriello, Rufus Morison, Don Rodier)
ÅUnfunded proposal, 1980
ÅWorkshop, Baltimore, specifications for model, 1987
Å 1st publication, symposium proceedings, EPA Athens Lab, 1988
Å Initial development, EPA OPPTS purchase order through Corvallis Lab (Hal Kibby), 1989-1990

ÅUsed in Environmental Risk Assessment class, Indiana Univ. School Public & Environmental Affairs, 1991-1992

ÅPotential use in assessment of corn pesticides, Abt Associates, 1993-1995 2



Development, EPA Office of Water (Russ Kinerson, Marge Wellman, Jim Carleton), 1995-2014
ÅCoded for Windows, 1995
ÅVerification, 1997: 
ÅLake Onondaga NY, Coralville Res. Iowa, PCBs in Lake Ontario food web 

ÅLinkage to BASINS (HSPF, SWAT) 2001
ÅPeriphyton submodel, verification Walker Branch TN, 2001-2002
ÅSimultaneous calibration across nutrient gradient, 2004 
ÅCrow Wing, Rum, and Blue Earth Rivers MN 

ÅSediment diagenesis, sediment impacts, CaCO3pcpt and P sorption 2005
ÅWater quality criteria, Lower Boise River ID, Tenkiller Lake OK, 2005-2008
ÅSensitivity and uncertainty analysis, 2009-2010
ÅFeasibility of modeling FL streams with minimal data, 2010
ÅLinkage to Web-based toxcity estimation database (ICE), 2010
ÅWater quality criteria, DeGray AR, Tenkiller OK Reservoirs, 2011
ÅCO2Sys linkage verified with Venice Lagoon data, 2011
ÅBioacccumulation of PFOS in riverine foodweb, 2012
ÅInternal nutrients, 2014

AQUATOX History continued
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AQUATOX History continued
ÅDevelopment, EPA Off. Prev., Pest., & Toxic Sub. (Dave Mauriello, Don Rodier), 1996-2003
ÅValidation: pesticides, nonylphenol, PCP in pond & stream mesocosms, 1996-1997 
ÅWizard, enhanced graphics, context-sensitive Help file, 2001 
ÅGalveston Bay TX canonical environment for assessment of industrial chemicals, 2002
ÅPFOS submodel, 2002-2003
ÅRisk assessment of legacy contaminated sediments, Coralville IA, 2002 

Å Impact of surfactants on periphyton, Procter & Gamble, 1998-2000
ÅAssessment of remedial scenarios, PCBs in Housatonic River, EPA Region I, 1998-2001
ÅPeriphyton-nutrient TMDL, Cahaba River, Jefferson Co. AL (Don Blancher), 2001-2002
ÅComparison with other bioaccumulation models, EPA Athens, 2004
ÅRisk assessment of atrazine, EPA Off. Pesticide Program (Frankenberry), 2004-2006
ÅBiotic indices, impact of construction in watersheds, Fort Benning GA, Army, 2008-2011
ÅAnadromous fish submodel, Columbia River Inter-Tribal Fish Commission, 2011-2012
ÅModel support for TMDL of Lower Boise River, Idaho Dept. Environ. Quality, 2013-2014
ÅImpacts of BP Oil on Natural Resources of MS and AL, MDEQ & ADEM (USM, Berger Don 

Blancher), 2012-2015
o Marsh-Edge, Oyster Reef, Sandy Open-water , Protected, Exposed, and Nourished Beach 4



AQUATOX: Flexible Integration of Empirical & Mechanistic Constructs
Blue Earth 54, TSS by Date

0

50

100

150

200

250

300

350

5/20/99 8/28/99 12/6/99 3/15/00 6/23/00 10/1/00 1/9/01

Date

T
S

S
 (

m
g

/L
)

Total Suspended Sediment Data 

Raw data
with outlier

TSS 
regressed
on inflow

Predicted TSS as 
fn of daily flow,
without outlier

Wind

Fourier Series, mean = 4.7 m/s

outlier outlier outlier

Predation Refuge

Biotic, Chemical, Site, & Remineralization Libraries

Graphical & Tabular Output with Statistics
Control & Perturbed Simulations

Driving Variables

Parameter Records

Process Equations

Chemodynamics

Algal 
sorption
rate

Ecotoxicity

Sensitivity Anal.

Biomass Risk Analysis

Statistical Evaluation

Probablistic Ecological Risk & Economic Assessment
for both data-poor screening & site-specific analyses

ice

5



MODELDOMAIN
AQUATOX spans a range of environmental conditions and applications from a simple 

aquarium with HCB and a macrophyte to the Three Gorges Reservoir in China 
with farm runoff and industrial pollution
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Colors denote 
model applications as 
indicated by  call-outs;
Aquarium has 0 
discharge, therefore 
does not plot.
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Discharge = 8.8 cu km/d

Discharge = 2.6 cu km/d
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Periphyton 
WQC 3 shallow 

rivers (MN)

Nutrient WQC 
Reservoirs 
(OK, AR)

Pesticide
bioaccum. & 
toxicity (Iran)

Nutrients in karst 
lake & stream 

(Slovenia)

Eco effects of 
GW & SW

contamination 
(Denmark)

Worldwide applications of AQUATOX

Biomagnificationof 
toxics (Three Gorges, 

China)

climate 
change (NY)

Algae control in 
DW reservoir (FL)

Eutrophicationof 
DW reservoir 

(Mexico)

Watershed TMDL ς
multi-parameter 

(MN)

Eco effects of 
climate change (MS)

Nutrient WQC 
(VA)

Biomagnification of 
PCBs in Galveston Bay 

(TX)

Nutrient 
budget 

(Finland)

Eco effects WWTP 
contaminants 
Thames R (UK)

Pesticides in exper. 
streams(Fr, Ger, 

Spain, Port)

Eco risks of PBDEs in 
lake & wetland 

(China)

Endocrine disrupters, 
WWTP & lake,WEST-

AQUATOX(Can)

DW = drinking water, TMDL = total max daily load, WQC = water quality criteria, GW= groundwater

TMDL for TP  
Boise River (ID)

PAHs in streams 
(Luxemburg)

Eutrophicationin 
DW reservoir 

(Turkey)

Introduction of 
invasive fish (NY)

Dan Kia Reservoir 
WQC (Viet Nam)

Lake Onega 
WQC (Russia)

Damage assessment 
of BP oil release 

(MS, AL)

Nutrient 
WQC (NV)

Stressor ident., 
creek (NC)

Atrazine risk assess. 
agric. drains (OH)

7

Nutrients 
pesticides 
(Venice)



Calibration, sensitivity analysis, and verification/validation: Lake Onondaga NY is 
a well-studied hypereutrophic system that served as a test case for improvements 

to the model & forecasting impacts of wastewater diversion & climate change

Formulations, such as remineralization from 
anaerobic sediments were incorporated

Sediment Flux Modeling (Di  Toro 2001) 

Phyto Chl a Hypolim.
Dissolved
Oxygen

DO DO
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Initial calibration and 
verification of periphyton 
model was based on a series 
of experiments that 
manipulated nutrient levels, 
ambient light and grazing 
pressure by snails in Walker 
Branch TN, and in adjacent 
experimental stream 
(Rosemond, 1993).

Periphyton model has proven to be robust, with numerous applications ranging 
from screening model, with little or no site calibration, to detailed TMDL model 

The model was also calibrated with data from the Cahaba River, AL.  The model seems to 
give a reasonable fit to the observed data, considering the spread in the observations as 
indicated by the error bars (+/- 1 standard deviation). Furthermore, it was calibrated with 
data from 3 MN  rivers with very different N, P, TSS.More recently it was used by IDEQ in 

the 60-mi Lower Boise R TMDL.  �D�}�����o�����‰�‰�o�]�����š�]�}�v���]�•���š�Œ���v�•�‰���Œ���v�š�V�������v���^���Œ�]�o�o�����}�Á�v�_��
to see process dynamics, such as algal rates and photosynthesis limitations.

WERF used 
model 
without cali-
bration as a 
screening-
level model   

2 simulations, with 

and without snails

LBR is a
typical arid-
region river
with canals, 
& drains in
addition to 
WWTPs in
urban areas.

(Sharp and Smith 2014)
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